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<£) Gear change for an Industrial vefiicle provided with an Integrated control unit 



@ A gear change (1) for an industrial vehicle, pro- 
vided with an integrated control unit (14) housed in a 
seat (15) of the gear tx>x (2) and comprising a 
plurality of actuators (20, 21, 22, 48) for controlling 



the selection and coupling of the gears, a plurality of 
electrovaives (74) for the actuation of the actuators 
(20, 21, 22, 48) and a sensor (82) of the angular 
speed of an input shaft (3a) of the gear change (1 ). 
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The present invention relates to a gear change, 
and in particular to a gear change for an industrial 
vehicle. 

Gear chcinges are known In which the coupling 
of the various gears is carried out by sliding 
sleeves controlled by fluid actuators via respective 
rods and forks. The actuation of these actuators is 
generally obtained by supplying electrical signals 
to a group of electrovatves which generate drive 
signals for power valves adapted selectively to 
supply the chambers of the actuators with the 
operating fluid. The electrical actuation signals may 
be generated by an electronic unit in response to 
enabling signals received from manually actuated 
transducers, for instance associated with a gear 
lever of conventional type, and/or automatically 
following processing of signals representing the 
operating conditions of the vehicle. 

Gear changes for industrial vehicles are also 
generally provided with several stages in cascade, 
for instance a divider or "splitter" stage with two 
ratios, a main stage with three or four ratios plus 
reverse and a rank reducer with two ratios. Each of 
these stages is controlled by a respective actuator 
or, in the case of the main stage, by two actuators 
with axes at right angles to one another so as to 
allow the selection of the gear to be coupled by 
rotation of the control rod and coupling of the gear 
by translation of this rod. 

Known gear changes of the type outiined 
at)ove have certain drawbacks. 

In particular, the various control memt>ers 
(actuators, electrovalves, power valves) are gen- 
erally disposed in different positions; for instance, 
the valves are generally separated from the ac- 
tuators and the latter are secured to the exterior or 
the interior of the gear box on different portions 
thereof. 

The assembly of the various members is 
therefore complex and costly; the electrical and 
hydraulic cables are complicated; subsequent ac - 
tion in the event of malfunction Is problematic: the 
arrangement of the various portions must be stud - 
ied case by case and makes it impossible to stan - 
dardize the controls for different versions of the 
gear change or for different gear changes or to 
vary the degree of automation of the gear change 
after initial installation. 

The actuators are generally offset with respect 
to the control rods and are connected to these rods 
by transmission members which subject these rods 
to bending stresses. 

The object of the present invention is to pro - 
vide a gear change for a vehicle, in particular an 
industrial vehicle, which is free from the above- 
mentioned drawbacks connected with known gear 
changes. 



This object is achieved by the present inven - 
tion which relates to a gear change comprising an 
external box, an Input shaft, an output shaft, a 
plurality of pairs of gears which may be selectively 

5 coupled by sliding coupling members to provide an 
angular coupling between the input shaft and the 
output shaft according to a plurality of transmission 
ratios, fluid actuator means for the control of the 
sliding coupling members and valve means for the 

10 actuation of the actuator means, characterized in 
that it comprises an Integrated control unit incor- 
porating at least the actuator means and the valve 
means. 

A preferred embodiment of the invention is set 
15 out in the following description, purely by way of 
non- limiting example, with reference to the ac- 
companying drawings, in which: 

Rg. 1 is a lateral elevation in partial section of a 
gear change for an industrial vehicle in accor- 
20 dance with the present invention; 

Fig. 2 is a lateral elevation in partial section and 
on an enlarged scale of an integrated control 
unit of the gear change of Rg. 1; 
Rg. 3 is a cross - section along the line III -III of 
25 Rg. 2. 

In fig. 1, a gear change for an industa^ial vehicle 
is shown overall by 1 . 

The gear change 1 comprises an external t>ox 
2 housing three stages 4. 5, 6 in cascade adapted 
30 to define, in combination with one another, a plu- 
rality of transmission ratios between an input shaft 
3a and an output shaft 3b of the gear change. 

In particular, the gear change 1 comprises an 
input stage 4 with two transmission ratios, a main 
35 stage 5, part of which is shown in Fig. 1. which 
defines four forward drive ratios and one reverse 
ratio and an output stage 6 having two transmission 
ratios advantageously of epicyclic type. 

The unit 4. not Illustrated in detail as it is 
40 known, acts as a "splitter", i.e. as a duplicator of 
ratios adapted to define a pair of ratios adjacent to 
one another for each ratio defined by the succes - 
sive stages; the unit 6, which is not illusti'ated in 
detail as it is known, acts as a rank reducer 
45 adapted to define two separate series of gears in 
combination with the preceding stages. 

The coupling of the ratios in the three stages 
takes place via sliding sleeves 7 adapted to make 
respective toothed wheels 8 rigid with a transmis - 
50 sion member of the gear change. The kinematic 
structure of the gear change is not shown as it may 
t>e of any known type and is not part of the present 
invention. 

The translation of the sleeves 7 for the cou- 
55 pling of the gear(s) corresponding thereto is con - 
trolled by respective forks 9 of conventional type 
which are in turn actuated by tubular rods 10, 11, 
12 housed in the gear box and advantageously 
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disposed alongside one another with their respec - 
tive axes coplanar and parallel (Rg. 3). 

The gear change 1 in particular comprises a 
first rod 10 for the selective coupling of the two 
ratios of the splitter 4, a second rod 11 for the 
selection and coupling of the gears of the main 
stage 5 and a third rod 12 for the selective cou - 
pling of the ratios of the rank reducer 6. 

According to the present invention, the rods 10, 
11, 12 are controlled by an integrated control unit 
14 descrit>ed in detail below. 

With reference to Figs. 2 and 3. the control unit 
14 is partly housed in an upper recess 15 of the 
gear box 2; this unit essentially comprises a sup - 
port plate 16 fixed by screws to a peripheral edge 

17 of the recess 15. an electropneumatic valve unit 

18 secured to a surface of the pfate 16 facing 
towards the exterior of the recess 15 and a fluid 
actuation unit 19 secured to a lower surface of the 
plate 16 and housed in the recess 15. 

The actuation unit 19 (Figs. 2, 3) essentially 
comprises three actuators 20, 21, 22 and relative 
emergency actuation valves 23 adapted to allow 
fluid actuation externally to the actuators in the 
event of malfunction. The unit 19 has an outer 
body 24 secured to the plate 16 by screws (not 
shown) formed by a cylinder block 42 in which the 
cylinders 25 of the actuators 20, 21, 22 are pro- 
vided and by a valve block 33 forming the static 
portions of the emergency valves 23. The actuators 
20, 21, 22 are adapted to control the rods 10. 11. 
12 with which they are respectively coaxial. 

Rg. 2 provides a detailed illustration of the 
actuator 21 which is of the three - position type 
with a double piston. 

The actuator 21 in particular comprises a first 
piston 26 rigid with an actuation rod 27 and sliding 
in a leak -tight manner in a first portion 25a of the 
respective cylinder 25. and a second piston 28 
mounted coaxialty with respect to the first piston 
and sliding In a leak -tight manner in a second 
portion 25b of the cylinder 25 which has a greater 
diameter than the portion 25a. The pistons con- 
sequently define three chamt>ers within the cyl- 
inder 25. whose selective connection to a pressur - 
ized fluid supply source makes it possible to obtain 
three different axial positions of the piston 26 in a 
known manner which is not therefore described in 
detail. 

The rod 27. disposed to pass through a head 
30 of the body 24, is connected to the respective 
rod 11 by a tubular connection memt>er 31 pro- 
vided with a cylindrical end 32 secured rigidly to 
the rod 1 1 by a transverse pin (not shown) and with 
an opposite end forming a U-shaped fork 34 
which engages a peripheral groove 35 of the rod 
27. 



The connection member 31 has a radial pro- 
jection 36 terminating in a spherical head 37 whose 
purpose is descrik)ed below. 

An opposite head 38 of the cylinder 25 formed 
5 by a closure cover of the t)ody 24 houses a po- 
tentiometer 39 for detecting the axial stroke of the 
piston 26 wrth which a sensor member 40 of this 
potentiometer cooperates. 

A selector member 41 (Rg. 1) is mounted in an 
10 angutariy fixed and axially sliding manner on the 
rod 11 within the gear box and has a p>eripheral 
groove 44 engaged by an axial positioning member 
45 rigid with the gear box. This selector member 
41 houses a spherical resilient stop device 46 
15 which is adapted selectively to cooperate with 
three grooves 47 provided on the rod 1 1 in each of 
the respective axial positions defined by the ac- 
tuator 21. 

In proximity to the selector member 41 , rod 1 1 

20 has a radial projection, which is not shown as it is 
known, which is adapted selectively to cooperate, 
depending on the angular position of the rod 11, 
with respective lugs of the forks 9 which are not 
shown as they are known. In this way one of the 

25 forks, mounted in an axially free manner on the rod 
11, may be made axially rigid with the rod 11 in 
order to transmit the axial actuation forces of the 
actuator 21 to the respective sleeve 7. 

Moreover, memt>er 41 has a radial flange 41a 

30 designed to cooperate with the lugs of the other 
forks 9 in order to maintain them axially fixed 
during the axial motion of the rod 11. 

The angular position of the rod 11 may be 
varied by a further pneumatic actuator 48, shown in 

35 Rg. 3. having its axis at right angles to the axes of 
the actuators 20. 21 . 22, of the three - position type 
with a double piston. 

The actuator 48 is substantially similar to the 
actuator 21 and is not therefore described in detail 

40 for the sake of brevity. 

The actuator 48 comprises a cylinder 49 pro - 
vided in a tubular portion 50 rigid with the support 
plate 16; the respective pistons 54, 55 slide in the 
cylinder 49, one of these pistons 54 being axially 

45 rigid with a control rod 56. The rod 56 is supported 
radially at a free end 57 in a tubular seat 58 
provided integrally in the plate 16 and cooperates 
via this end with a sensor member 59 of a poten - 
tiometer 60 for the detection of the stroke of this 

50 rod 56. 

In the vicinity of this free end 57, the rod 56 
has three annular grooves 64 with a rounded profile 
with which a spherical resilient stop device 65 is 
adapted selectively to cooperate in the respective 

55 operating positions of this rod. 

A control member 67 is rigidly secured to an 
intermediate portion 66 of the rod 56; this control 
member is essentially formed by a cylindrical 
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bushing 68 keyed on the rod 56 and by an arm 69 
extending integrally and radially from the bushing 
68 and having an end seat 70 engaged by the 
spherical head 37 of the connection member 31. 

The actuator 48 may be actuated from outside 
via emergency valves 71 integrated in the at>ove - 
mentioned valve block 33. 

A projection 72 (Rg. 2) provided with an ex- 
ternal profile formed by two lateral rectilinear sec - 
tions 72a, 72b and an intermediate groove 72c also 
projects radially from the bushing 68. A sensor 
member 73a of a switch 73 cooperates with this 
profile in order to detect the intermediate angular 
position of the memt>er 67 as will be explained 
below. 

The actuators 20, 22 are fluid cylinders having 
two pK)sitions of conventional type and are not 
therefore illustrated in detail. These actuators are 
connected to the respective control rods 10, 12 in a 
conventional manner and are provided with re- 
spective potentiometers 39 (not shown) for the 
detection of the axial stroke. 

The valve unit 18 comprises a plurality of 
electrovalves 74 controlling the actuators 20, 21 . 22 
and 48, for example of the three - way two - posi - 
tion type, which are mounted on a support base 75 
fixed to the plate 17 and housed in a box 76 
secured in turn to the base 75. 

The base 75 and the support plate 17 are 
provided with a plurality of channels shown by n 
and illustrated in part in Figs. 2 and 3 which are 
formed by surtace grooves having appropriate 
paths and blind or through holes and provide for all 
the connections of the electrovalves 74 and emer - 
gency valves 23. 71 with the actuators 20, 21, 22 
and 48 as well as the connection of the above- 
mentioned valves with a pressurized fluid supply 
source and a discharge (not shown). The elec- 
trovalves 74 and the potentiometers 39 of the ac - 
tuators 20, 21, 22 are connected electrically to 
respective multiple connectors 79. 80 which are 
adapted to be coupled In use to corresponding 
connectors (not shown) for connection to a micro - 
processor control unit 81 . 

The integrated control unit 14 lastly comprises 
a sensor 82 of the angular speed of the input shaft 
3a of the gear change; this sensor is secured to the 
cylinder block 42 by a clamp 83 and is mounted in 
use through an appropriate hole 84 in the box 2 
provided on the base of the recess 15. 

The control unit 81 is adapted to control the 
unit 14 and is adapted to receive input signals from 
sensors of operating parameters associated with 
the gear change 1 (for instance from the poten- 
tiometers 39, 60, from the sensor 82, etc.) and to 
generate control signals for the electrovalves 74 in 
response to enabling signals generated by the 
manual actuation of a gear lever and/or automati - 



cally according to programmed logic. 

The operation of the gear change 1 is known 
per se and is therefore described very briefly. 

The gear selected by the operator and/or pro - 
5 cessed by the control unit 81 on the basis of the 
above-mentioned input signals is defined by the 
combination of the respective transmission ratios of 
the splitter 4, the main stage 5 and the rank re- 
ducer 6. 

TO As regards the units 4 and 6, following the 

drive signals received from the control unit 81, the 
electrovalves 74 actuate the actuators 20 and 22 
which bring the rod 10 and 12 into the position 
corresponding to the transmission ratio selected. 

75 As regards the main unit 5. all the transmission 

ratios defined thereby are selected via the rod 11 
and in particular via the combination of an appro- 
priate angular position of this rod obtained via the 
actuator 48 and the subsequent axial displacement 

20 obtained via the actuator 21; it will be appreciated 
that both the Actuator 48 and the actuator 21 are 
controlled by the respective electrovalves 74 in 
response to the drive signals generated by the 
control unit 81 . 

25 In particular, the axial displacement of the rod 

56 of the actuator 48 and therefore of the control 
member 67 rigid therewith causes a rotation of the 
connection member 31 and therefore of the rod 11; 
this displacement is continuously detected by the 

30 potentiometer 60 which supplies corresponding 
signals to the control unit 81. Each of the three 
axial positions of the rod 56.which are made stable 
even in the absence of pneumatic actuators by the 
spherical stop device 65. corresponds to an an- 
as gutar position of the rod 11 in which the above- 
mentioned radial projection of the selector member 
41 engages a respective fork 9. 

The actuator 21 is shown in Rg. 2 in the 
intermediate axial position in which the main stage 

40 5 of the gear change is in a neutral condition. This 
condition is detected by the switch 73 which is 
adapted to generate an enabling signal for the 
ignition of the vehicle engine. 

The actuation of the actuator 21 in one of the 

45 two directions entails the axial displacement of the 
fork 9 selected and the coupling of the corre- 
sponding gear by means of the respective sleeve 
7. The stroke of the piston 26 and therefore of the 
rod 1 1 is detected continuously by the potentiom - 

50 eter 39 which supplies a corresponding electrical 
signal to the control unit 81 . 

The three stable axial positions of the rod 11 
are maintained by the stop device 46 even in the 
absence of pneumatic actuation forces. 

65 The advantages obtained with tiie present in - 
vention are evident from an examination of the 
characteristic features of the gear change 1 . 
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In the first place, all the control members of the 
gear change are merged In a single integrated unit. 

This entails evident advantages in economic 
terms and from the point of view of speed of 
assembly, simplicity and speed of production of 
the electrical and fluid connections, ease of action 
in the event of malfunction and versatility: it is 
possible to use a control unit for different gear 
changes or to equip the same gear change with a 
different type of control unit. 

The actuators 20. 21, 22 are also coaxial with 
the respective control rods 10. 11. 12 with the 
result that there are no bending stresses on these 
rods during their actuation. 

Further advantages lie in the possibility of 
simplifying the design of the gear box which does 
not have to t>e provided with attachments for the 
various sensors and actuators, in the possibility of 
carrying out testing of the integrated unit prior to 
assembly on the gear box and lastly in the more 
accurate sensor measurements which are not 
subject to the manufacturing tolerances of the gear 
tx>x and assembly tolerances in respect of the gear 
box. 

It is evident that modifications and variants 
may be made to the gear change 1 provided that 
they do not depart from the scope of the present 
invention. 

In particular, the unit 14 may also incorporate 
an electronic control circuit, for instance in the form 
of one or more cards: moreover, the emergency 
valves 23, 71 may be omitted from the unit 14. 

Claims 

1. A gear change (1) comprising an extemal box 
(2). an input shaft (3a). an output shaft (3b). a 
plurality of pairs of gears (9) which may be 
selectively coupled by sliding coupling mem - 
t>ers (7) to provide an angular coupling be- 
tween the input shaft (3a) and the output shaft 
(3b) according to a plurality of transmission 
ratios, fluid actuator means (20, 21, 22, 48) for 
the control of the sliding coupling means (7) 
and valve means (23. 71 , 74) for the actuation 
of the actuator means (20. 21. 22. 48). char- 
acterized in that it comprises an integrated 
control unit (14) incorporating at least the ac- 
tuator means (20, 21, 22, 48) and the valve 
means (23. 71. 74). 

2. A gear change as claimed in claim 1. char- 
acterized in that the control unit (1 4) is moun - 
ted In a respective seat (1 5) of the box (2). 

3. A gear change as claimed in claim 1 or 2, 
characterized in that the valve means comprise 
a plurality of electrovalves (74) for the control 



of the actuator means (20. 21. 22, 48) and in 
that the control unit (14) comprises a support 
plate (16) secured to the box (2) on which at 
least the actuator means (20, 21. 22. 48) and 
5 the electrovalves (74) are mounted. 

4. A gear change as claimed in claim 3. char- 
acterized in that the plate (16) is provided with 
a plurality of intemal surface channels (77) for 

70 the fluid connections of the actuator means 

(20. 21. 22. 48) and the electrovalves (74). 

5. A gear change as claimed in claim 4, char- 
acterized in that the unit (14) comprises a 

15 plurality of emergency valves (23, 71 ) for fluid 

actuation externally to the actuator means (20. 
21, 22. 48). these emergency valves (23, 71) 
t>eing mounted on the support plate (1 6) and in 
that the channels (77) of the plate (16) connect 

20 the emergency valves (23. 71) to the actuator 

means (20. 21. 22. 48). 

6. A gear change as claimed in one of claims 3 
to 5. characterized in that it comprises a plu - 

25 ratify of stages (4, 5, 6) in cascade and in that 

the actuator means comprise first actuator 
means (48) for the selection of the gears in at 
least one (5) of these stages and second ac - 
tuator means (20, 21, 22) for the coupling of 

30 the gears in each of these stages (4.5.6). 

7. A gear change as claimed in claim 6, char- 
acterized in that it comprises a body (24) se - 
cured to the support plate (16) and integrally 

35 forming a cylinder block (42) In which respec - 

tive cylinders (25) of the second actuator 
means (20. 21. 22) are provided and a valve 
block (33) forming at least the static portions of 
the emergency valves (23. 71). 

40 

8. A gear change as claimed In claim 6 or 7, 
characterized in that the second actuator 
means (20. 21. 22) are coaxial with respective 
control rods (10. 11, 12) of the sliding coupling 

45 meml)ers (7). 

9. A gear change as claimed in claim 8, char- 
acterized in that the first actuator means (48) 
have axes at right angles to the second ac- 

50 tuator means (20, 21 . 22) and comprise a fluid 

actuator (48), a movable rod (56) of which is 
connected via a control member (67) to one of 
the control rods (1 1 ) associated with one of the 
second actuator means (21), this control 

55 member (67) being adapted to rotate the rod 

(11) foIk)wing an axial translation of the rod 
(56). 
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10. A gear change as claimed in claim 9. char- 
acterized in that the fluid actuator (48) com - 
prises a cylinder (49) provided integrally in the 
support plate (16). 

11. A gear change as claimed in any one of the 
preceding claims, characterized in that the 
control unit (1 4) comprises a sensor (82) of the 
angular speed of the input shaft (3a) of the 
gear change ( 1). 
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